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Background of the Invention

is invention relates to integrated circuit chip

packages and more particularly to integrated circuit chip

packages adapted for packaging monolithic microwave

integrated circuits (MMICs)

.

As is known in the art, packages are used to protect

10 integrated circuits. Because of their relatively low cost,

it is desirable to use plastic for the packages* While

transfer molded plastic packages have been used for low

frequency integrated circuit chip packages, such technique

is not generally suitable for monolithic microwave

fU 15 integrated circuits (MMICs) because the plastic material on

electrical wires used to connect the integrated circuit chip

to a lead frame and over the surface of the MMIC itself has

been found to adversely effect the performance of the

integrated circuit. One package which has been suggested

20 for MMICs is discussed in international patent application

WO 94/17552 published 4 August 1994. In such patent

0 application, a lead frame having a baseplate for mounting a

semiconductor chip is embedded on a surface of a platform of

a plastic package.

25 Summary of the Invention

In accordance with one feature of the invention, a

package for an integrated circuit chip adapted to operate at

microwave frequencies is provided. The package includes an

electrically conductive lead frame having electrical leads

30 extending outwardly from an inner region. A base section

and plastic cover are adhesively bonded with the inner

region of the lead frame disposed therebetween. The base

section and the cover are configured to encapsulate the
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integrated circuit chip within a cavity formed when the

cover and the base section are bonded to provide the

package

.

With such a package, a low cost, electrically

5 effective MMIC package is provided.

In one embodiment of the invention, the base section

includes a dielectric member and in another embodiment the

base section includes a dielectric member and a conductive

member

.

10 In accordance with another feature of the invention,

a method for packaging an integrated circuit chip adapted to

operate at microwave frequencies is provided. The method

includes providing a lead frame having electrical leads

extending outwardly from an inner region of the lead frame;

15 affixing a base section to the lead frame with portions of

the electrical leads extending outwardly from the base

section and mounting the integrated circuit chip to the

L-3 platform. Electrical wires are connected between the

3 integrated circuit chip and the electrical leads. The base

5 20 section and the cover are adhesively bonded with the

p integrated circuit chip and the electrical wires connected

H= thereto disposed within a cavity formed by the affixed base

section and cover.

With such method a relatively simple, low cost

25 packaging technique is provided.

In accordance with another feature of the invention,

a package for an integrated circuit chip adapted to operate

at microwave frequencies is provided. The package includes

an electrically conductive lead frame having electrical

30 leads adapted for electrical connection to the integrated

circuit. The base section includes an electrically

conductive member and a dielectric member, such dielectric

member having an aperture therein. The dielectric member
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aperture is disposed in registration with an inner region of
the lead frame. An upper surface portion of the conductive
member is adhesively bonded to a bottom surface portion of
the dielectric member. Another upper surface portion of the
conductive member is adapted for electrical connection to a
bottom ground plane of the integrated circuit with such

m

integrated circuit chip disposed in registration with the
aperture. A plastic cover is adhesively affixed to upper
portions of the lead frame and upper portions of the
dielectric member, the plastic cover being configured to
provide a cavity when the cover and the base section are
affixed with the integrated circuit chip being disposed with
such provided cavity and with a bottom surface portion of
the conductive member being exposed exteriorly of the
package to provide a ground plane connector for the bottom
ground plane of the integrated circuit.

With such package, the bottom ground plane of the
integrated circuit chip may be easily connected to the
ground plane provided by the conductive member.

In accordance with another feature of the invention,
a method is provided for packaging an integrated circuit
chip adapted to operate at microwave frequencies. The
method includes the steps of: providing a lead frame having
electrical leads extending outwardly from an inner region of
the lead frame; providing a base section having a conductive
member and a dielectric member, the dielectric member having
an aperture; connecting electrical wires between the
integrated circuit chip and the electrical leads and a
bottom ground plane of the integrated circuit chip to the
electrically conductive member with the integrated circuit
chip being in registration with the aperture; and,
adhesively affixing the base section to a plastic cover to
provide a package for the integrated circuit chip and the



electrical wires connected thereto within a cavity provided
by adhesively affixed base section and dielectric cover with
a portion of the electrically conductive member being
exposed exteriorly of the package.

5 With such method the bottom surface of the
integrated circuit chip may be easily grounded externally
using a surface external to the package.

In accordance with still another feature of the
invention, a package an integrated circuit chip adapted to

10 operate at microwave frequencies is provided. The package
includes: (a) a lead frame having electrical leads extending
outwardly from an inner region of the lead frame; (b) a base
section comprising: a dielectric member having an aperture
and » an electrically conductive member having an upper

1^ 15 surface adapted for electrical connection to a bottom ground
plane of the integrated circuit chip when the integrated

Jj
circuit chip is in registration with the aperture; and (c) a

s_ dielectric cover, such cover being configured to provide a

g cavity for the integrated circuit chip when the cover and
the base section are affixed and to expose a bottom portion
of the conductive member exteriorly of the package.

D
Ls.

20

Brief Description of the Drawing

These and other advantages of the invention will
become more readily apparent from the following detailed

25 description taken together with the accompanying drawings,
in which:

FIG. 1A is a cross-sectional elevation,

diagrammatical sketch of a package for an integrated circuit
adapted to operate at microwave frequencies;

FIG. IB is a plan view of the package of FIG. 1A,

the cross sectional view of FIG. 1A being taken along line
1A-1A of FIG. IB;

30
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FIGS. 2A through 2E are sketches showing the package

of FIGS. 1A and IB at various stages in the fabrication

thereof, FIG. 2A being a plan view of a lead frame used in a

first step of the fabrication, FIG. 2B being a cross-

5 sectional elevation sketch showing the relationship between

a base of the package of FIG. 1A on an exemplary site of the

lead frame of FIG. 2A, FIG. 2C being a cross-sectional

elevation sketch showing the relationship between a base

section of the package of FIG. 1A on the exemplary site of

10 the lead frame of FIG. 2B after the base and the lead frame

have been adhesively affixed together, FIG. 2D being a plan

view of the adhesively affixed lead frame and base section,

D the cross-sectional elevation view of FIG. 2C being taken

ru
along line 2C-2C of FIG. 2D, FIG. 2E being a cross-sectional

yi 15 elevation sketch showing the relationship between a cover of

the package of FIG. 1A and the adhesively affixed base

Bp section and lead frame of FIGS. 2C and 2E prior the to

*L affixation therebetween;

FIG. 2F is an exploded view of a portion of the

20 sketch shown in FIG. 2E, such portion being within a line

2F-2F of FIG. 2E;

FIG. 3A is a cross-sectional elevation,

diagrammatical sketch of a package, according to another

embodiment of the invention, for an integrated circuit

25 adapted to operate at microwave frequencies;

FIG. 3B is a plan view of the package of FIG. 3A,

the cross sectional view of FIG. 1A being taken along line

3A-3A of FIG. IB;

FIGS. 4A through 4F are sketches showing the package

30 of FIGS. 3A and 3B at various stages in the fabrication

thereof, FIG. 4A being a plan view of a lead frame used in a

first step of the fabrication, FIG. 4B being a cross-

sectional elevation sketch showing the relationship between
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a dielectric member of a base section of the package of FIG.

3A on an exemplary site of the lead frame of FIG. 4A, FIG.

4C being a cross-sectional elevation sketch showing the

relationship between the dielectric member of the base

5 section of the package of FIG. 3A on the exemplary site of

the lead frame of FIG. 4A after the dielectric member and

the lead frame have been adhesively affixed together, FIG*.

4D being a cross-sectional elevation sketch showing the

relationship between a conductive member of the base section

10 of the package of FIG. 3A and the adhesively affixed

dielectric member and lead frame of FIG. 4C; FIG. 4E being a

cross-sectional elevation sketch showing the relationship

between the conductive member of the base section of the

yy package of FIG. 3A and the adhesively affixed dielectric

:H 15 member and lead frame of FIG. 4C after the two have been

if?

m

adhesively affixed together, and FIG. 4F being a cross-

sectional elevation sketch showing the relationship between

a cover of the package of FIG. 3A and the lead frame of FIG.

3A prior the to affixation therebetween.

20 Description of the Preferred Embodiments

Referring now to FIGS. 1A and IB, a package 10 for

an integrated circuit chip 12, here an MMIC, adapted to

operate at microwave frequencies, is shown. The package 10

includes an electrically conductive lead frame 14 having

25 electrical leads 16 extending outwardly from an inner region

18 thereof and a mounting platform 20 disposed with the

inner region 18. The platform 20 has mounted to an upper

surface portion thereof the integrated circuit chip 12, as

shown

.

30 The package 10 also includes a base section 22, here

a dielectric member 22 x . Here dielectric member 22 x is
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plastic and is adhesively affixed by a B-stage epoxy 24 onto
a bottom surface portion of the platform 20 and onto bottom
portions of the electrical leads 16. A dielectric cover 26,
here plastic, is adhesively affixed to the dielectric member
22 x with a B-stage epoxy 28. The base section 22 and the
cover 26 are configured to provide package 10 with an air-
filled cavity 30 when the cover 26 and the base section 22

are affixed together with the integrated circuit chip 12

being encapsulated within the provided cavity 30, as shown.

As noted in FIGS. 1A and IB, the cover 26 of package
10 has a recess disposed within sidewalls 32 and ends of the
sidewalls 32 are affixed to the base section member 22 to
encapsulate the integrated circuit chip 12 with the package
10. Here, the cover 26 and base section 22 are each
separately formed using injection or transfer molding.

Referring now to FIGS. 2A through 2E, the method for
forming the package 10 will be described. Thus, referring
first to FIG. 2A the electrically conductive lead frame 14

is provided. The lead frame 14 has a plurality of sites 40
therein. Each site 40 has: electrical leads 16 extending
outwardly from the inner region 18 of the site 40; and, the
platform 20. The electrical leads 16 support the platform
20 to the frame 44 within the inner region 18 of the site
40, as shown. v

Next, considering an exemplary one of the sites 40,

and referring to FIGS.\b and 2B', each one of a plurality
of the dielectric members. 22 x is disposed over, and affixed
to, a corresponding one ofVthe sites 40 using epoxy 24, as
shown. More particularly, the dielectric members 22! are
affixed to the platform 20 and. portions of the electrical
leads 16. It is noted that the\dielectric members 22 x

includes a recess, or ridge 23, having side walls 25. Such



•
configuration is provided to increase the surface tension ^
between the applied B-suage epoxy 24 and the dielectric

member 22 x thereby to prevent the liquid-like epoxy from

dripping off of the dielebtric member 22 l .

5 Next, referring to FIGS. 2C and 2D, the lead frame

14 and the dielectric members 22 1 are pressed together, as

shown, and the structure is heated to cure the B-stage epoxy

24. It is noted that the epoxy 24 is thus squeezed downward

(i.e., compressed) by the force of the dielectric member

10 22 x ; however, amount of compression is limited by the legs

^ 27 of ridge 23 formed in the dielectric member 22 x . More

particularly, the dielectric member 22i^formed with the

ridges 23 and sidewalls 25 by injection or transfer molding.

It is also noted that portions 31 of the epoxy 24 are

15 exposed and thereby enable visual observation of the curing

~! process on a sample testing basis after the package has been

yy opened •

93 Next, referring to FIG. 2E, the lead frame 14 with

H the attached dielectric members 22 x , as shown in FIG. 2D,

S3 20 are turned over. Each one of a plurality of integrated

circuit chips 12 adapted to operate at microwave frequencies

O is mounted to a corresponding one of the plurality of

platforms 20, only one being shown at the exemplary one of

the sites 40 in FIG. 2E. Next, electrical wires 48 are

25 connected between the integrated circuit chips 12 at each

one of the plurality of sites 40 and the electrical leads 16

at the corresponding one of the sites 40.

Next, the covers 26 are affixed to upper portions of

the electrical leads 16 and the dielectric member 22 x with

30 epoxy 28 to provide the package 10 shown in FIGS. 1A and IB.

Thus, the cover 26 and dielectric member 22 x
encapsulate

each one of the integrated circuit chips 12 and the
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electrical wires 48 connected thereto within the cavity 30

formed by the corresponding one of the plurality of

dielectric members 22 x and the corresponding one of the

covers 26. More particularly, it is first noted that the

5 covers 26 are again injection or transfer molded plastic and

njcrJZ'

7

^ are formed with a ridge 51 and sidewalls 53 . ^Such c^^1

^_pZ^A configuration is provided to increase the^urfac^^

O

between the applied B-stage^epoxy
28

f

and the cover~ 25

thereby to^revent the liquid^like epoxy from dripping off

10 of the cover 26. Next, and referring again to FIGS. 1A and

IB, the cover 26 and the lead frame 14 are pressed together,

g as shown, and the structure is heated to cure the B-stage

*8 epoxy 28. It is noted that the epoxy 28 is thus squeezed

SI downward (i.e., compressed) by the force of the cover 26;

yl 15 however, amount of compression is limited by the legs 59

(FIG. 2E) of the ridges 51 formed in the cover 26. It is ^?
rg also noted that portions 55 of the epoxy 28 are exposed and

thereby enable visual observation of the curing process on a

sample testing basis after the package has been opened.

20 Finally, the distal portions of the electrical

leads 16 are severed from the frame 44 to provide the

packaged integrated circuit chip 12 shown in FIGS. 1A and

IB.

Referring to FIG. 2F, ridge 23 is shown in more

25 detail. It is first noted that the epoxy 24 projects from

the edge 57 of the electrical leads 16 a length X. Further,

the height of the ridge 23 is Y. Here, X is between 1 to 3

mils, here preferably 2 mils. Here, Y is also between 1 to

3 mils, here preferably 2 mils. The width of the package, W,

30 FIG. 2E, is here 150 to 200 mils. Thus, X and Y are in the

order of 1% of the width of the package. These same

dimensions apply to ridge 51.
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Referring now to FIGS. 3A and 3B, an alternative

integrated circuit chip package 10' is shown. Here, the

integrated circuit chip package 10' includes an electrically

conductive lead frame 14' having electrical leads 16 adapted

for electrical connection to the integrated circuit chip 12.

It is noted that the lead frame 14' does not have a platform

such as platform 20 in FIGS. 1A and IB. The base section"

22' includes a dielectric member 22 9
1 and a conductive

member 22

'

2 . The dielectric member 22 having a central

aperture 60, is adhesively affixed with a B-ikge epoxy 61 to

bottom portions of the lead frame 14 ' . The conductive

member 22

'

2 is adhesively affixed to the bottom portions of

the dielectric member 22 9
X with B-stage epoxy 65. The

conductive member 22

'

2 has an upper surface portion

electrically connected to a bottom ground plane conductor 68

of the integrated circuit chip 12. The integrated circuit

chip 12 is disposed in registration with the aperture 60.

More particularly, a portion of the integrated circuit chip

12 is positioned with aperture 60, as shown.

The package 10 ' includes a dielectric cover 26',

here plastic. The electrically conductive member 22

'

2 with

the attached dielectric 56 and the attached cover 26 ' are

configured to provide an air-filled cavity 30' when the

cover 26' and base section 22' are affixed together with the

integrated circuit chip 12 being disposed with such provided

cavity 30' and with a bottom surface portion 70 of the

conductive member 22

'

2 being exposed exteriorly of the

package 10' , as shown more clearly in FIG. 3A. Thus, the

bottom portion 70 of the electrically conductive member 22

'

2

provides a ground plane connector for the ground plane

conductor 68 of the integrated circuit chip 12. Again wires
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48 are electrically connected between the integrated circuit

chip 12 and the electrical leads 16.

Referring now to FIGS. 4A through 4F, a^metfeod for

forming the package 10' shown in FIGS. 3A and 3B will be

5 described. Referring first to FIG. 4A, the lead frame 14'

is provided havin^Jelectrical leads 16 extending outwardly

from an inner region 18 of the lead frame 14'.

Referring now to FIG. 4B, the plastic dielectric

member 22 $
x having the aperture 60 therein is provided.

10 Here, the dielectric member 22

'

t is injection or transfer

molded with ridgesJ72, 73 having side walls 74, 75,

respectively as shown. Such ridges 72, 73 are formed as o^^*
described above in connection with FIG. 2F. Such t$

iSlL t* 9**9
"

configuration is provided to increase the surface tension

15 between the applied B-stage epoxy 61 and the dielectric

member 22 S and B-stage epoxy 65 (FIG. 4D) and the
<7V>J

dielectric member 22

'

x thereby to prevent the liquid-like V(5 Ca

epoxy from dripping off of the dielectric member 22

'

x .

Next, and referring to FIGS. 4C, the dielectric member 22

'

x

20 and the lead frame 14' are pressed together, as shown, and

yy the structure is heated to cure the B-stage epoxy 61. It is

P noted that the epoxy 61 is thus squeezed downward (i.e.,

compressed) by the force of the dielectric member 22 f
1 ;

however, amount of compression is limited by the ridges 72

25 formed in the dielectric member 22 '
x . It is also noted that

portions 75 of the epoxy 61 are exposed and thereby enable

visual observation of the curing process adhesively affixed

to the lead frame 14' by a B-stage epoxy 61. Again, the

epoxy projects beyond the edge of the lead 14', as described

30 above in connection with FIG. 2F.

Referring now to FIG. 4D, the conductive member 22

'

2

is provided. The conductive member 22

'

2/ is here copper.
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Next, and referring to FIGS. 4E, the dielectric member 22

'

2

and the dielectric member 22

'

x are pressed together, as

shown, to provide the base section 22' and the structure is

heated to cure the B-stage epoxy 65. It is noted that the

5 epoxy 65 is thus squeezed downward (i.e., compressed) by the

force of the base section 22'; however, amount of

compression is limited by the ridges 73 formed in the

dielectric member 22' !• It is also noted that portions 83

(FIG. 4E) of the epoxy 65 are exposed and thereby enable

10 visual observation of the curing process. The portion 83

projects as described above in connection with FIG. 2F.

Next, the lead frame 14 ' is turned over as shown in

FIG. 4F. The ground plane conductor 68 of the integrated

circuit chip 12 is affixed to the conductive member 22

'

2

15 with a suitable conductive epoxy, ndt shown. Electrical

wires 48 are connected between the integrated circuit chip

12 and the electrical leads 16. Next, the plastic cover 26'

is provided. The plastic cover 26' is injection or transfer

molded and is formed with a ridge 90 having sidewalls 92.

20 The B-stage epoxy 29 is applied to the ridge 96, as shown.

Such configuration is provided to increase the surface

tension between the applied B-stage epoxy 29 and the lead

frame 14' to prevent the liquid-like epoxy 29 from dripping

off of the cover 26'. Next, and referring to FIGS. 3A and

25 3B, the cover 26' and lead frame 14' are pressed together,

as shown, and the structure is heated to cure the B-stage

epoxy 29. It is noted that the epoxy 29 is thus squeezed

downward (i.e., compressed) by the force of the cover 26';

however, amount of compression is limited by the ridges 90

30 (FIG. 4F) formed in the cover 26'. It is also noted that

portions 97 of the epoxy 29 are exposed and thereby enable

visual observation of the curing process on a sample testing
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basis after the package has been opened. It is also noted

that when the cover 26 ' and base 22' are affixed to provide

the package 10' for the integrated circuit chip 12 , such

integrated circuit chip 12 is disposed within the cavity 30

'

formed by the affixed base section 22' and cover 26' and

with the bottom portion 70 of the electrically conductive

member 22

'

2 being exposed exteriorly of the package 10'.

Finally, the distal portions of the electrical

leads 16 are severed from the frame 44 to provide the

packaged integrated circuit chip 12 shown in FIGS. 3A

and 3B.

Other embodiments are within the spirit and scope of

the appended claims.

What is claimed is:
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